1 2 High saturated fatty acid (SFA) diets contribute to the development of insulin resistance, whereas 3 fish oil-derived n-3 polyunsaturated fatty acids (PUFA) increase the secretion of adiponectin 4 (Ad), an adipocyte-derived protein that stimulates fatty acid oxidation (FAO) and improves 5 skeletal muscle insulin response. We sought to determine if fish oil could prevent and/or restore 6 high SFA diet-induced impairments in Ad and insulin response in soleus muscle. Dawley rats were fed: (1) low fat control diet (CON), (2) high SFA diet (SFA) or (3) high SFA 8 with n-3 PUFA diet (SFA/n-3 PUFA). At 4 wk, CON and SFA/n-3 PUFA animals were 9 terminated, and SFA animals were either terminated or fed SFA or SFA/n-3 PUFA for an 10 additional 2 or 4 wk. The effect of diet on Ad-stimulated FAO, insulin-stimulated glucose 11 transport, and expression of Ad, insulin and inflammatory signaling proteins was determined in 12 soleus muscle. Ad stimulated FAO in CON and 4wk SFA/n-3 PUFA (+36%, +39%, respectively 13 p ≤ 0.05) only. Insulin increased glucose transport in CON, 4wk SFA/n-3 PUFA, and 4wk SFA 14 + 4wk SFA/n-3 PUFA (+82%, +33%, +25%, respectively p ≤ 0.05); this effect was lost in all 15 other groups. TLR4 expression was increased with 4wk of SFA feeding (+24%, p ≤ 0.05) and 16 this was prevented in 4wk SFA/n-3 PUFA. SOCS-3 expression was increased in SFA and 17 SFA/n-3 PUFA (+33, +18%, respectively p ≤ 0.05). Our results demonstrate that fish oil can 18 prevent high SFA diet-induced impairments in both Ad and insulin response in soleus muscle. 
muscle lipids that are known to interfere with insulin-stimulated glucose uptake (5). 1 Additionally, Mullen et al. recently demonstrated that Ad resistance not only develops rapidly in 2 response to a high SFA diet, but also precedes both the accumulation of muscle lipid species and 3 development of insulin resistance in soleus muscle (16) . Interestingly, while fish oil-derived n-3 4 PUFA have been shown to stimulate Ad secretion (20, 28), their effects on the response of 5 skeletal muscle to Ad, as well as any associated functional effects on insulin-stimulated glucose 6 transport, are currently unknown. 7 Our objectives were to determine (1) if fish oil-derived n-3 PUFA could prevent and/or 8 restore high SFA diet-induced impairments in Ad-stimulated FAO and maximal insulin-9 stimulated glucose transport in rodent soleus muscle, and (2) the potential mechanisms by which 10 fish oil exerts these effects. We hypothesized that (1) fish oil-derived n-3 PUFA would prevent 11 and restore high SFA diet-induced impairments in both Ad response and insulin response, and 12 (2) fish oil-derived n-3 PUFA would mediate these effects via reduced activation of 13 inflammatory pathways. 1 Rats were anaesthetized by an intraperitoneal injection with sodium pentobarbital at a dose of 6 2 mg per 100 g body mass. Intact soleus muscle was isolated and stripped longitudinally from 3 tendon to tendon into 3 strips of approximate equal size. The outside 2 strips were used for 4 either glucose transport or FAO assays and the remaining inside strip was used for insulin- 
Tissue and Blood Sampling

Results
1
Body Mass and Bloods
3
Initial body mass did not differ between any of the groups (Table 3 ). Terminal body mass was 4 higher (+18%, p ≤ 0.05) in 4wk SFA compared to CON (Table 3) . Fasting whole blood glucose, 5 plasma insulin, plasma free fatty acids, and plasma TNF-α did not differ in any of the groups 6 (Table 3 ). Fasting plasma Ad was elevated in 4wk SFA/n-3 PUFA compared to both CON 7 (+38%, p ≤ 0.05) and 4wk SFA (+58%, p ≤ 0.05) ( Table 3 ). Fasting plasma leptin and MCP-1 8 levels were increased in 4wk SFA (+74% and +23%, respectively p ≤ 0.05) and 4wk SFA/n-3 9 PUFA (+65%, +23%, respectively p ≤ 0.05) ( Table 3 ) compared to CON. Fasting plasma IL-6 10 levels were elevated in 4wk SFA (+30%, p ≤ 0.05) compared to CON, but this increase was not 11 seen in 4wk SFA/n-3 PUFA (Table 3) . 
Fatty Acid Oxidation
14
In CON, gAd increased FAO compared to the basal condition (+36%, p ≤ 0.05) (Fig. 1) . The 15 stimulatory effect of gAd was preserved in 4wk SFA/n-3 PUFA (+39%, p ≤ 0.05) but completely 16 attenuated in all other groups (Fig. 1 ). There were no differences in either basal or gAd-17 stimulated FAO between diet groups for a given time point (Fig. 1) .
19
Glucose Transport
20
Insulin increased glucose transport compared to basal in CON (+82%, p ≤ 0.05), 4wk SFA/n-3 21 PUFA (+33%, p ≤ 0.05), and 4wk SFA + 4wk SFA/n-3 PUFA (+25%, p ≤ 0.05) (Fig. 2) . 22 Insulin's stimulatory effect was lost in all other diet groups (Fig. 2 ). There were no differences 23 in either basal or insulin-stimulated glucose transport between diet groups for a given time point
Ad Signaling Proteins 4 There was no significant effect of diet on the total protein content of APPL1 (Fig. 3a) , AMPK 5 (Fig 3b) , or ACC (Fig. 3c) . (Fig. 5a ). There was no significant effect of diet on total protein content or 16 phosphorylation of IκBα (Fig. 5b,c) or NFκB (Fig. 5d,e) . SOCS-3 protein content was increased 17 in both 4wk SFA and 4wk SFA/n-3 PUFA relative to CON (+33%, +18%, respectively p ≤ 0.05) 18 ( Fig. 5f ). to an initial 4 wk of high SFA feeding, no change in circulating Ad concentrations was observed. 1 Ultimately, the ability of fish oil to prevent, but not restore, impairments in Ad-stimulated FAO 2 suggests that fish oil supplementation may be of greater therapeutic importance as a prevention, 3 rather than treatment, for obesity-induced impairments in soleus muscle lipid metabolism. Importantly, our study is the first to demonstrate that the SFA diet-induced impairment in 16 insulin response in soleus muscle can be effectively restored with 4 wk of incorporation of long-17 chain n-3 PUFA into a high SFA diet. To the best of our knowledge, the ability of fish oil to weeks of EPA supplementation into a high fat diet restored glucose tolerance in mice, suggesting 3 that EPA may be of particular importance in n-3 PUFA-mediated improvements in whole body 4 insulin sensitivity. Although we observed diet-induced changes in soleus muscle insulin 5 response, fasting glucose and insulin concentrations were unaltered by the diets, suggesting that 6 whole-body insulin sensitivity was unchanged. However, it must be recognized that a more 7 sensitive measure of systemic insulin sensitivity (glucose and insulin tolerance tests, and/or a 8 hyperinsulinemic euglycemic clamp) may have revealed diet-induced changes that existed; 9 however, the focus of this study was on the response of soleus muscle to adiponectin and insulin. Despite changes in TLR4 and SOCS-3 expression, we found no effect of any of our diets on It is possible that if we had extended our high SFA diet feeding for an additional 4 wk, we may 2 have observed a similar result. Furthermore, although long-chain n-3 PUFA have been shown to 3 inhibit NFκB activation (15), we found no effect of dietary fish oil on NFκB protein content or 4 phosphorylation in soleus muscle. It is conceivable that any fish oil-induced inhibition of NFκB 5 was masked by the high SFA diet, although this could not be resolved with the current study 6 design. Finally, we must also acknowledge the possibility that, although there were no changes 7 in total protein content or phosphorylation of IκBα and NFκB, the cellular localization of these 8 proteins between the cytoplasm and nucleus may have been altered. The authors declare that there are no disclosures associated with this manuscript. 
